The Palmae plant, Borassus flabellifer L. (palmyra palm in English), is widely distributed and cultivated in tropical Asian countries such as Thailand, Bangladesh, India, Myanmar, Sri Lanka, Malaysia, etc. The fruit pulp of B. flabellifer has been used in traditional dishes and the sap, which was trapped from the flower part, has been used as a sweetener for diabetic patients. In the previous studies, several steroidal saponins, 2-4) a polysaccharide, 5) and a triterpene 6) constituents were isolated from the fruit pulp, seeds, and young shoot of B. flabellifer. However, the chemical and pharmacologic studies for the flower parts of this medicinal food were left uncharacterized. In the course of our characterization studies on Thai medicinal foods, [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] we found that the methanolic extract from the male flowers of B. flabellifer was found to inhibit the increase of serum glucose levels in sucrose-loaded rats. From the methanolic extract, six new spirostane-type steroid saponins, borassosides A-F (1-6), were isolated together with 20 known steroidal glycosides (7-25 and b-sitosterol 3-O-b-D-glucopyranoside) and three known steroids (26, 27, and b-sitosterol). This paper deals with the structure elucidation of borassosides A-F (1-6) from the male flowers of B. flabellifer as well as the inhibitory effects of the methanolic extract and a principal constituent, dioscin (13), on the increase of serum glucose levels in sucrose-loaded rats.
the methanolic extract from the female flowers did not show significant inhibition for the increase of serum glucose levels. The methanolic extract from the male flowers was partitioned into an EtOAc-H 2 O (1 : 1, v/v) mixture to furnish the EtOAc-soluble fraction and an aqueous layer. The aqueous layer was extracted with n-butanol (n-BuOH) to give n- a) Acacia solution (5 ml/kg) and water (5 ml) were administrated orally. b) Acacia solution (5 ml/kg) and 20% sucrose solution (5 ml) were administrated orally. c) Test sample suspended in acacia solution (5 ml/kg) and 20% sucrose solution (5 ml) were administrated orally. Values represent the meansϮS.E.M. Significantly different from the control group, * pϽ0.05, * * pϽ0.01. 13 C-NMR data of 1 were superimposable on those of yamogenin glycosides (8) (9) (10) (11) (12) (13) (14) , whereas the proton and carbon signals assigned to the trisaccharide moiety were very similar to those of 15. As shown in Fig. 1 (Fig. 1) . On the basis of this evidence, the structure of borassoside A was determined to be yamo- Fig. 2 . On the basis of the above-mentioned evidence, the structure of borassoside B was determined to be 23a,27-dihydroxydioscin (2 Fig. 2 , which was the same as that of 2. The stereostrucutre of 3 was elucidated by the ROESY experiment, whose NOE correlations were observed between the following proton pairs [16- Fig. 2 . On the basis of above-mentioned findings, the stereostructure of borassoside C was determined to be as the 23a,27
Borassoside D (4) (Fig. 3) . Thus, the planar structure of the aglycon and diglycoside structure in 4 were clarified.
Borassosides E (5) and F (6) were also obtained as white powders with negative optical rotations C-NMR data of 5 and 6 were superimposable on those for 4. The structure and linkaged positions of oligosugar moieties in 5 and 6 were determined from the HMBC experiment, which showed long-range correlations between the following proton and carbon pairs: 5: 1Ј-H and 3-C; 1Љ-H and 2Ј-C; 1ٞ-H and 4Ј-C; 6: 1Ј-H and 3-C, 1Љ-H and 2Ј-C, 1ٞ-H and 4Ј-C, 1ЉЉ-H and 4ٞ-C.
Next, the stereostructure of the aglycon part in 4-6 was characterized by ROESY experiment, in which the NOE correlations were observed as shown in Fig. 3 . Furthermore, by comparison of the 13 C-NMR data for 4-6 with those for 22-a-O-spirostanol oligoglycosides (11, 13, 16 ), the signals due to the 23-and 24-carbons in 4-6 were observed at higher field compared with those of corresponding 22-a-Ospirostanol oligoglycosides, while the signals due to the 26-carbon in 4-6 were observed at lower field compared with those of corresponding 22a-O-spirostanol oligoglycosides as shown in Fig. 4 . The same trends were observed in 22a-and 22b-N-spirostanol oligoglycosides, solamarine (28) and solamargine (29) . 41) On the basis of above-mentioned evidence, the stereostructures of brssosides D-F were determined to be as shown (4) (5) (6) .
Inhibitory Effect of Dioscin (13) on the Increase in Serum Glucose Level in Sucrose-Loaded Rats Previously, we reported that several triterpene saponin constituents were found to inhibit the increase of serum glucose level in sucrose-loaded rat. 42) As a continuing study of the antidiabetogenic constituents from the medicinal foods, effects of the principal constituent of B. flabellifer, dioscin (13) on the increase of serum glucose level in sucrose-loaded rat were examined. There are a few reports about hypoglycemic effects of steroid saponins, but they were applied intraperitoneally (i.p.) but not orally (p.o.). 43, 44) As shown in Table 4 , compound 13 inhibited the increase of serum glucose levels in this model at a dose of 50 mg/kg, p.o. In this experimental model, an insulin-secretion agent, tolbutamide, 45) exhibited substantial inhibition, and metformin hydrochloride, which shows an inhibitory effect on intestinal glucose absorption as well as improving of peripheral insulin sensitivity, 46) exhibited moderate inhibition. In the present study, the effect of 13 was stronger than that of metformin hydrochloride.
Experimental
The following instruments were used to obtain physical data: specific rotations, Horiba SEPA-300 digital polarimeter (lϭ5 cm); UV spectra, Shimadzu UV-1600 spectrometer; IR spectra, Shimadzu FTIR-8100 spectrometer; EI-MS and high-resolution MS, JEOL JMS-GCMATE mass spectrometer; FAB-MS and high-resolution MS, JEOL JMS-SX 102A mass spectrometer; 1 H-NMR spectra, JNM-ECA600 (600 MHz) spectrometer; 13 C-NMR spectra, JNM-ECA600 (150 MHz) spectrometer with tetramethylsilane as an internal standard; and HPLC detector, Shimadzu RID-6A refractive index and SPD-10A UV-VIS detectors. HPLC column, COSMOSIL 5C 18 -PAQ (Nacalai Tesque, 250ϫ4.6 mm and 250ϫ20 mm i.d.), YMC-Pack ODS-AL (YMC, 250ϫ4.6 mm and 250ϫ20 mm i.d.), and Chiral CD-Ph (Shiseido, 250ϫ4.6 mm) columns were used for analytical and preparative purposes, respectively.
The following experimental conditions were used for chromatography: ordinary-phase silica gel column chromatography, Silica fasted for 24-26 h prior to the beginning of the experiment, but were allowed free access to tap water. All of the experiments were performed with conscious rats unless otherwise noted. The experimental protocol was approved by the Experimental Animal Research Committee at Kyoto Pharmaceutical University. Effects on Increase of Serum Glucose Levels in Oral Surcose-Loaded Rats Experiments on the effects of the methanolic extracts and dioscin (13) from the male and female flowers of B. flabellifer on increase of serum glucose levels in sucrose-loaded rats were performed according to the method reported previously. 42, 47) The test samples were suspended in 5% acacia solution (5 ml/kg), and then orally administered to the rats. Thirty minutes thereafter, a water solution (5 ml/kg) of sucrose (1.0 g/kg) was orally administered. Blood (ca. 0.4 ml) was collected from infraorbital venous plexus under light ether anesthesia at 0.5, 1.0, and 2.0 h after administration of sugar and the serum glucose concentration was assayed by the glucose-oxidase method (Glucose CII-test Wako, Wako Pure Chemical Industries, Ltd.). Tolubutamide was obtained from Wako Pure Chemical Industries, Ltd. Metformin hydrochloride from Sigma.
Statistics Values were expressed as meansϮS.E.M. One-way analysis of variance (ANOVA) followed by Dunnett's test was used for statistical analysis.
